
AD AOGO 566 SPERRY GYROSCOPE CO GREAT NECK N ~ F~6 17/9COLUMN NETIORK STUDY FOR A PLANAR ARRAY USED WITH AN UNATTENDED——flCRJ)
DCC 79 6 L HANLEY , H ft PERINI F19626—76—C—0166

UNCLASSIPIED RADC—TR—79—297 NL

_ • _
p 

~~~~~~ fl_

ii



IIIP-~ H2..~.I .V L ’ ~~
_ _ _ _  

g~ 2.2
_ _ _ _  I.- 

~~36 =

I •‘  
~~ ~~ ~2.O

I _______________

111111.25 IIII1i•~. IOH~
44

MICROCOPY RESOLUTION TEST CH~~T
NATIONAL BUREAU OF STANDARDS- 1963~,l



~ 1EVEL’~”RADC.TR-79.297
Interim Report
December 1979

c~ COLUMN NETWORK STUDY

~ FOR A PLANAR ARRAY USED
WITH AN UNATTENDED RADAR

~~ Sperty Gyroscope Company

~~ Gerald L. Hanley
~~ Harry R. Perini

r 1AI~R0vE0 FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITEDJ

C)

D D C
1t?17~f?flfl

FEB 7 ~~~

UlIt~u~asu u Isa

ROME AIR DEVELOPMENT CENTER
Air Force Systems Command
Gr iffiss Air Force Base, New York 13441

4~~~j4

- - - rt, -

~

,

~ :



_ _  ~~~~~~~~~~~~~

This report has been reviewed by the RADC Public Affairs Office (PA)
and Is releasable to the National Technical Information Service (NTIS).
At NTIS it will be releasable to the general public, including foreign
nations.

RADC— TR— 79—297 has been reviewed and is approved for publication.

APPROVED: ~~~~~~~~ 
(
~~~

GREGORY CRU?, 1 Lt
Project Engineer

APPROVED: L ~~~~ ~~
ALLAN C. SCHELL
Chief, Electromagnetic Sciences Division

FOR THE CO~ WlDER :

JOHN P. RUSS
Acting Chief , Plans Office

S.

If your address has cha nged or if you wish to be removed from the RAL)C
mailing list, or if the addressee Is no longer employed by your organiza-
tion, please notify RADC (EEA ) Hanscom AFB MA 01731. This will assist
us in maintaining a current mailing list.

Do not return this copy. Retain or destroy.

.4



UNCLASSIFIED ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SECURITY C ASS IFICATION OF TH IS PAGE (Wh.n Data Ent.r.d)

READ INSTRUCTIONS
~~~~~~ EPORT DOCUMENTATION PAGE BEFOR E COMPLET!NG FORM

I. REPOR
,~~~~Lestn 

] 
~2. GOVT ACCESSION NO 3. RECIPIENT’S CATALOC . NUMBER

~~~~~~~ 
_ _ _ _ _ _ _ _ _ _ _ _ _  

_________
___________________________ 

.1. -rrre ~~~~~~~~~~~~~~~~~~~~~~ COVEREDL IiL.. U (Wit SuIi~~~~ _______________________

COLUMN NETWORK STUDY FOR A PLANAR ARRAY)JSED ( (~
‘ Inter im R’ep.~t 4 ,,, /

~~ITH A~~ UNATTE~~~ED 
- 

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ NUMBER
— N/A
~~~~~~~~~~~~~~~~~~~~~~~ ..., 8. CONTRA CT OR GRANT NUMB ER s)

Harry ~~~~~~~~~~ 
(/ ~~~~ 

F 1962 8—7 8_ c- .21~66J~~~~~ Gerald L.141an1
~~--- ~-, -

— tZl

9. PERFORMING O R G A N I Z A T I O N  NAME AND ADD RESS 10. PR OGRAM ELEMENT . PROJECT . T A S K

Sperry Gyroscope Co. A R E A  6 W ORK UNIT NUMBERS

Grea t Neck 12412F
L. I . NY 11020 46001402

I . CONT ROLLING OFFICE NAME AND ADDRESS ?t~ R~~rWflT O&T~~

Deputy for Electronic Technology (RADC/ EEA ) Dec~~~~~r

Hanscom AFB MA 01731 ‘3. N U M B E R  OF PAGES
44

IA. MONITOR IN NAME & ADORESS (1I di i !  r I (to C nt fling O u r  ) 5. SECURITY CLASS. (of this  repor t )

UNCLASSIFIEDSame 

a en 0 rO -

~i~~~Tbt~~L ASSI El C AT ION DOWNGRA DI NG

N/A
SC

~~~~~
J
~~

16. DISTRIBUTION STATEMENT (of t h is Report)

Approved for  publ ic  release; d i s t r i b u t i on  u n l i m i t e d .

_______________ D D C
17. DISTRIBUTION STATEMENT (of the abstract •ntered j n  B lock  20 . i i  di ffer en t from Report) “1?f~1Tr1}jJ T1.JjjE~[ ~
Same FEB 7 ~~ 

~5~~L~U U~ 3
18. SUPPLEMENTARY NOTES B

RAD C Project Engineer: Gregory Cruz, 1 Lt (RADC/EEA)

IS. KEY WORDS (Continue on revers e side i i  nec es sa ry  a~ d i r i a n t l f} ’  by block nur rbe ,

Column Network
Planar Array
Strip line
Dual Beam

zO. A BSTRACT (Continue on reverse aide if nec es ee ry and iden t i f y by b lo rk  numb er )

Objectives of this program are to investigate design and fabrication tech-
niques for an aziinuthally phase—steerable planar array with dual—beams for
elevation coverage. Network costs, network insertion loss, antenna pattern
performance , and reliability are significant considerations. A stripline dual
beam co lumn network is being designed , fabricated and tested to demonstrate
achievable per formance  and compet i t ive  techniques for  production and instal—
lat ion costs are being studied . This report summarizes the work completed

(Cont ‘d)

DD j AN 73 1473 UNCLASSIFIED

~~ ~~~~ 
SEC~~RIT V C L A S S I F I C A T I O N  OF THIS PAGE (When Da~~~~~~~~a Entered)

. 4 .  

,

,

- .., - -~~~~. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r ~~

— .- - 

~~~~~~~~~~~~~~~ 

-

~~~~ 

.—. -

~~

-— 

~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~ ~.L1J

S E C U R I T Y  CLASSIF ICATION O~ THI S PAGE(I$?. an Data Ent.r.d)

Item 20 (Cont ’d)

\ . during the f i r s t  half of the program : comp letion of the Antenna Concept ional
design, development of all the required components, the design of the dual
beam column network, and preliminary results of competitive techniques for
production.

H 

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(J9,an bat. ~.nu.r d)

~~~~~~~~~ j
- m~-



—. -—----— .~~- . . - -

CONTENTS

Section

INT1~ODUCTION 3

2 ANTE NNA CONFIGURATION STUDIES 4

2.1 Task Summary  4
2.2 Baseline Antenna Description 4
2.3 Functional Description 8
2.4 Array Antenna Performance 10
2.5 Beam Pointing Error for the Planar Array . . . .  13
2.6 Solid State Transmitter Trade—off 17

3 DESIGN, FABRICATION, AND TESTING OF A DUAL BEAM
COLUMN NETWORK 23

3.1 Task Summary 23
3.2 Network DesIgn and Fabrication 23

4 STRIPLINE FABRICATION TECHNIQUES 28

4.1 Task Summary 28
4.2 Stripline Configurations 28

5 DEVELOPMENT OF STRIPLINE COMPONENTS 32

5.1 Task Summary 32
5.2 Basic Stripline 32
5.3 Coupler Development 33
5.4 Terminations 38
5.5 Crossovers 38
5.6 Printed Circuit  Di pole  39

I ACCESSION for
Wh t. Section
Buff Sectioo 0

UNANNO UNC ED 0
JUST IF~CATION

BY -

~~~~~~~~ cOLJt~
~~t. ~~~~~~~~~~~

1 
_ _



- . - .~~~~~~~~.

LIST OF ILLUSTRATIONS

Figure Page

2—1 Four—Faced Phased Array Antenna 5
2—2 Structural Details of Ground Plane Connection and Radome

Support Structures 7
2—3 Schematic Representation of Array Face 8
2—4 Four—Faced Planar Array , Block Diagram . . .  9
2—5 Antenna , Functional Diagram . . . .  10
2—6 Azimuth Angle Error Versus Elevation (j3o = 0 Degrees) . .  15
2—7 Azimuth Angle Error Versus Elevation (13o = 15 Degrees). .  15
2—8 Azimuth Angle Error Versus Scan Angle (~3o = 15 Degrees) .  16
2—9 RF System With Three Alternative Locations for Power

Amplifiers , Block Diagram 17
2—10 TRW MRA—296 Transistor Test Data .  19
2—1 1 Solid State Transmitter , Block Diagram 21
2—12 Transmit Amplifier Module, Block Diagram .  22
2—13 Breadboard Module Test Data 22
3—1 Column Network Plotted by CAD Machine . . . . . . . . . .  24
3—2 Final Schematic 25
3—3 Computed Column Network Performance at 1.4 GHz (Band Edge) 26
3—4 Phase Tilted Fan Beam 27
4—1 Stripline — Configuration 1 29
4—2 Stripline — Configuration 2 29
4—3 Strip line — Configuration 3 30
4—4 Loss Measurements 30
5—1 Phase Velocity Versus w/b (Referenced To Air) 32
5—2 Z0 Versus w/b (Kapton) 33
5—3 Z~ Versus w/b (Epoxy/Fiberglass) 34
5—4 Summary of Results of ANCAP Analysis of Branchline

Couplers . .  35
5—5 Line Widths Versus Coupling Coefficients — Thru—Branch

Coupler Design . . . .  36
5—6 Comparison of Size of Straight and Folded Thru—Branch

Coupler . . . . . . .  37
5—7 Typical Data Results for Straight and Folded Thru—Branch

Coupler 38

2

~ 

-. 
.~~~~~~~~—-

~~~~.—- — ---- .-. -



-. - —.~~~.---- -~~-- -.- .~~-..--. -- -- - . - — -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

Section 1

TNT RODIJCT ION

The objectives of this program are to Investigate design and fabrication
techniques for an azimuthally phase—steerable planar array with dual beams for
elevation coverage. The potential application is for unattended strategic
ground radar systems which will be located in remote arctic areas. The unat—
tended radars are intended to be a means of reducing operating costs as-
sociated with the present DEW Line system , as well as to improve present sur-
veillance coverage against low flying targets. Network costs , network inser-
tion loss, antenna pattern performance , and reliability are significant con—
siderat Ions.

During this program, a stripline dual beam column network is being de-
signed, fabricated , and tested to demonstrate achievable performance. Also,
competitive techniques for production and installation costs are being
studied .

The progress during the first half of the program has resulted in corn—
pletion of the Antenna Conceptual Design , the development of all the required
components, and the design of the dual beam column network. The study of corn—
petitive techniques for production have been started , and preliminary results
show the feasibility of a low cost , light weight design.

Section 2 describes the progress iii the general array configuration
studies. Section 3 describes the status of the dual beam column network which
is being built , and which will be tested to demonstrate antenna pattern
performance. Section 4 describes the various strip line fabrication techniques
being considered with emphasis on ease of fabrication and cost reduction.
Section 5 describes the development of the stripli ne components which are used
in the column network layout.
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Section 2

ANTENNA CONFIGURATION STUDIES

2.1 TASK SUMMARY

This section describes an investigation of the design and fabrication
techniques for a 2—D , azimuthally steerable , four—faced planar array for
application to unattended , ground—based , search radars. The design approach
utilizes a square configuration of four planar phased arrays to provide
360—degree azimuthal surveillance coverage to fifteen thousand feet in
altitude , with an instrumented range of sixty nautical miles. The elevation
coverage is achieved using two contiguous beams which provide coarse target
elevation data and facilitate the use of optimized signal processing tech-
niques for low and high elevation targets independently. To achieve this
elevation coverage , the four planar arrays contain vertical column networks
comprL.Ing radiator elements and low loss microwave power distribution net—
works. The network is capable of simultaneously generating the illumination
function for the low and high beams, respective ly, through discrete input
ports. An objective of this task effort is to identify the requirements
imposed upon the column network by selection of the baseline antenna design.

The workscope associated with this task involves (1) examination of the
baseline antenna design, (2) antenna performance evaluation , (3) definition of
physical parameters, component packaging , and assembly concept , (4) evaluation
of structural requirements and environmental impact factors , and (5) con-
ceptual design selection. The study results are described in the following
subsections.

2.2 BASELINE ANTENNA DESCRIPTION

A baseline antenna conf iguration has been generated consisting of four
planar array faces mounted in a square configuration on top of a tower plat-
form. Each array provides coverage against airborne targets at elevations
from ground level to fifteen thousand feet and within an instrumented range of
sixty nautical miles. Dual fixed beam elevation coverage permits separate,
independent , signal processing techniques for the two elevation regimes.
Phase steerable azimuth scan capability provides ± 45—degree coverage from
each array face, thereby enabling a full 360—degree azimuth coverage. The
antenna is designed for installation and operation in a severe arctic environ-
ment as par t of an unattended radar system. As such, its components are
designed for low loss, high reliability, low power consumption , and easy
maintainability.

The baseline antenna configuration , figure 2—1 , consists of four 12 by
24—foot planar arrays mounted in a square configuration on a tower with a
maximum height of 100 feet. Each array face consists of 59 vertical column
network boards spaced 4.9 inches apart. The tower structure will have its
legs sunk into an excavation deep enough to stand on perpetually frozen
ground. The array and mounting structure are designed to withstand the
extremes of arctic operation , including wind velocities of 100 mph, ambient
temperatures varying between —35 and +100 degrees Fahrenheit , and peak snow
loading.

4
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The basic antenna structure is envisioned as a one—piece , floor and ceil-
ing structure , with a modularized radome consisting of fiberglass sandwich
panels, each being 5 feet wide by 12 feet high. The floor structure inter-
faces with the tower deck and contains false flooring for electrical cables,
mounting provisions for the electronic cabinets , and personnel entry hatches.
The floor structure is designed to transmit all vertical and horizontal loads
and moments , due to equipment weight , snow, ice, and wind loads, directly to
the tower structure . The ceiling structure is sized to withstand the design
snow loads for the arctic application. These loads are transmitted to the
floor structure by means of vertical structural columns tying the two struc-
tures together. The columns effectively unload the radome panels with respect
to vertical loads caused by snow and ceiling dead weight , resulting in a
radome which is sized to withstand only the design wind and icing loads. Both
the floor and ceiling structures are thermally insulated , and contain mounting
provisions for  the radome by means of flanges around the periphery. These
structures also contain slide mechanisms to position the 12—foot high column
networks which are Inserted from the interior , toward the radome surface.

The multi—sectioned radome design affords ease of fabrication , reduced
manufacturing costs , and eased transportability requirements over a one—piece
planar design. The individual radome panels are supported at their lower and
upper ends by the floor and ceiling , respectively ,  and are butted together to
create a site—erected , continuous surface. At the butted joint, the radome
panels are bolted to a T—section column which lends vertical support. This
column Is further reinforced by a fiberglass block forward of the network di-
poles. To limit allowable deflections under wind loading and radome panel
stress levels , the vertical  radome column s are supported at midspan by a
pinned triangular frame structure , tied directly to the floor and ceiling
struc tures.

A sketch of the radome joint  design and the ground plane attachment for
the column networks , is shown In f igure  2—2 . Figure 2—3 is a schematic
representation of an array face, showing the radome, column network, row
networks, phase shifters and cabling.

The antenna is designed to minimize complexity and on—site installation,
while still maintaining a high degree of reliability. The vertical column
networks would be assembled off—site in groups of approximately 10, forming
six array panel subassemblies per array face. Prealignment and registration
techniques would then be employed to facilitate on—site assembly, without the
need for sophisticated and costly alignment procedures. Environmental pro-
tection for each array face is provided via a coated fiberglass radome cover
sheet. Each of the column network boards are sealed at their ends by means of
metal closures fastened to the ground planes. Structural rigidity and support
are provided by the printed circuit board ground planes of the column net-
works. To obtain a high degree of reliability , cable interconnections are
minimized .

Each vertical column network board will contain 25 printed dipole
radiator elements and the associated stripline elevation feed circuitry . The
baseline column network is 12 feet long , with a maximum depth of 27 inches at
the center and a minimum depth of 15 inches at the board edges. Each board is
estimated to weigh approximately 13 pounds, resulting in a total weight of
about 800 pounds per array face.
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2.3  FUNCTIONAL DESCRIPTION

The baseline antenna is designed to provide vertical polarization with
cons tant  gai n coverage agains t airborne targets at elevations from ground
level to f i v e  deg rees above the horizon , and constant elevation coverage from
f i ve to t h i r t y  degrees above the horizon. To accomplish this , the antenna
provides two simultaneous elevation beams generated via center—fed , dual—
channel ve r t i ca l  column ne tworks.  The lower beam provides the constant gain
coverage from 0 to 5 degrees; the upper beam provides a cosecant squared
(constant  elevat ion)  coverage from S to 30 degrees . The antenna is phase
steerable 

~ 
45 degrees in azimuth via two separate sets of phase shifters.

8

__

~

__ . _ .±

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Thus , simultaneous and independent control f o r  each beam is realized , thereb y
enabling optimized proces sing al gorithms to be utilized in each of the two
channels.

A functional block diagram of the baseline antenna showing the key com-
ponents, is presented in figures 2—4 and 2—5. Because of the quantities re-
quired , the vertical column network Is a major key component. This is a low
loss , single laye r str ipl ine , center—fed tandem series network which generates
two independent array excitations corresponding to the two elevation beams.
The stripline distribution network , des igned to have less than 1.0 dB loss
over the operating band , excites a set of printed stripline dipoles wh ich ar e
the vertically polarized radiating elements of the array .

The antenna is sized to provide a 2.0—degree azimuth beamwidth at the
horizon. The elemen ts are spaced for ± 45—degree azimuth scan for both beams,
without any deleterious effect due to grating lobe conditions . Azimuth scan
capability is provided via two sets of digital diode Phase shifters. Diode
phase shifters are used for the baseline antenna because of their inherent
cost and packaging advantages at these frequencies. The required number of
phase shifter bits is a function of the desired sidelobe performance. For the
25—dB baseline sidelobe design , S—bit phase shifters are selected .
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To sa tisf y the dual shaped beam requirments , while still maintaining
minimum loss in the feed network , each beam excitation is selected from a set
of orthogonal beams employing comp lex weights. This approach provides selec-
tion of optimum beam shapes , while use of the center—fed tandem series column
network enables independent generation of each beam excitation with a maximum
degree of flexibility, min imum network loss, and better than —20 dB isolation
between beam channels.

2.4 ARRAY ANTENNA PERFORMANCE

The performance objectives for the baseline antenna are consistent with
the selected four—faced planar array configuration. Table 2—1 summarizes the
key physical features and performance parameters for the baseline antenna
concept.

10
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Table 2—1 . Baseline Antenna Summary Description

Antenna Type Square four—faced

Planar phased array

Frequency Band 1.2 to 1.4 GHz

Azimuth Coverage 360°

Elevation Coverage 0 to 15,000 feet

Design Features Low loss, high reliability and easy
maintainability for severe arctic
environment

Peak Gain 30.5 dB

Azimuth Pattern of Planar Array

Beamwidth 20 broadside
Electronic Beam Steering +45°
Maximum Sidelobe Level —25 dB

Elevation Pattern (Dual Beam)

Lower Beam Coverage 0 to 5° (nominally uniform)
Upper Beam Coverage S to 30° cosecant squared
Maximum Sidelobe Level —15 dB

Phase Shifter Type 5—bit digital diode

Number of Phase Shifters 118 per face

Antenna Height 12 feet

Planar Array Width 24.1 feet

Column Network Spacing 4.9 inches

Number of Column Networks 59

Radiator Element Spacing 5.76 inches

Number of Radiator Elements 25 per column

Column Network Description

Network Type Center—fed tandem , stripline series feed
Height 12 feet
Depth 15 to 27 inches
Weight 13 pounds
Radiator Element Type Folded dipole
Polarization Vertical
Maximum VSWR 1.3
Isolation —20 dE minimum
RF Power 500 watts peak

20 watts average

Maximum Insertion Loss 1 dR

Operating Temperature Range —35 to 100 °F

11 



The gain and losses for the baseline antenna are itemized in table 2—2.
The directivity is based upon a broadside azimuth beamwidth of 2 degrees and
an elevation beamwidth of 5 degrees for the low beam. Antenna component
losses are based upon expected hardware performance characteristics.

Table 2—2. Antenna Gain and Loss Budget

Directivity (dB) 35.0

Antenna Losses (dB)

Column Network 1.0

Diode Phase Shifters 1.2

Azimuth Network 0.7

Interconnecting Cables 0.3

Quadrant Transmission Line 0.3

Commutation Switch 1.0

Total Losses (dB) 4.5

Power Gain (dB) 30.5

Array phase and amplitude tolerances of 6.8 degrees rms and 0.25 dB tins,
respectively, are the maximum allowable for peak azimuth sidelobes of —25 dB.
The array tolerances are allocated as shown below in table 2—3.

Table 2—3. Array Tolerance Allocation

rms Phase m s  Amplitude
Error (degrees) Error (dB)

Azimuth Network 3.0 0.15

Digital Phase Shifters 5.0 0.15

Interconnecting Cables 2.5 0.10

Error Between Column Networks 2.5 0.10

6.8 0.25

The column network phase error of 2.5 degrees tins and amplitude error of
0.1 dB m s  are allocated as shown below in table 2—4.

4
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Table 2—4. Column Network Error Allocation

rms Phase m s  Amplitude
Error (degrees) Error (dB)

Amplitude and Phase Error
Between Column Networks 1.78 0.1

Transverse Position Error
(±0.125 inch) 1.01 —

Axial Position Error
(+0.125 inch) 1.43 —

2.5 0.1

For — 15 dB peak elevation sidelobes , the tolerance error budget within a
column network is specified as follows:

a) for correlated errors: 8.2 degrees tins phase and 0.2 dB m s
amplitude

b) for uncorrelated errors: 15.6 degrees tins phase and 0.4 dB m s
amplitude.

2.5 BEAM POINTING ERROR FOR THE PLAN AR ARRAY

An azimuth pointing error results when scanning a planar array fan beam
from broadside. For the lower 5—degree beam of the baseline antenna , the
azimuth error is less than 0.2° over the +45° scan sector. For the upper fan
beam , with the error normalized to zero at 15° in elevation , the maximum
azimuth pointing error is typically —1. 7° at 50 elevation and 3.9° at 25°
elevation for +45° of azimuth scan. The azimuth angle estimation error can be
reduced by comparison of estimates from adjacent array faces. This, however ,
would increase the baseline array cost by requiring additional hardware to
provide increased azimuth scan capability.

Because of beam characteristics , an azimuth angle estimation error
results when scanning a planar array fan beam from broadside. This error is
inherent to the scanning characteristics of the planar array, inc reasing with
azimuth angle from the array normal and for increasing fan beam elevation
angle. The azimuth angle error can be expressed as:

a = sin~~ [sin a0 cos f30/cosg3 I — a0
where a0 is the selected azimuth angle, ~3 is the elevation angle, and /3~is the assigned elevation angle for zero error. Figure 2—6 shows the azimuth
angle error as a function of elevation angle for azimuth scan angles of a0 =

30, 45 , and 60 degrees, with /3~ 
00. At an elevation angle of 20 de-

grees, for example, the azimuth error would be 2.1 , 3.8, and 7.1 degrees for
azimuth scan of 30, 45 , and 60 degrees , respectively. These results would be
typical for a single fan beam case and with independent planar array faces.
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The azimuth ang le error would be reduced for the baseline dual elevation
beam system. Since the lower beam is Onl y used over a 5° elevation range , the
azimuth error would be less than 0.2° over the +45° scan sector. The azimuth
ang le error is also reduced for the upper bean b y ad j usti ng for  zero e r ro r  a t
a selec ted eleva t ion angle. Figure 2—7 shows the azimuth angle error normal-
ized to zero at = 15 degrees. For this case , at 30, 45 , and 60 degrees
of azimu th scan , the error is , respec tive ly ,  —1.0 , —1.7 and —2.9° at 5 0 eleva-
tion , and 2.2, 3.9 and 7.4° a t 25° eleva tIon.

Over limi ted scan reg ions, for the four—faced planar array , the target
azimuth and elevation angles can be estimated by compar ing beam informa tion
from adjacent faces to minimize the angle pointing error . For the upper beam ,
the resulting azimuth ang le es t ima tion err or can be expressed as:

a12 = (Ca 1 +a2)/(c + 1)

where C is a weigh t ing coeff ic ien t dependen t upon a0 and

a1 = 
~th i [s ina~ cos $30/c os~3 I — a~

a2 = sin~~ Lsin( a0 — 90°) cos po/cosa ]—[a0 — 90 °]

By inc rea si ng the az imuth sca n ang le to +60 degr ees , for example, the azimu th
pointing error could bt~ reduced in the over lap reg ion for  scan angles grea ter
than +30 degrees. For the baseline uppe r beam case , the maximum error would
then be described by the a0 = 30—degree curve on figure 2—7. This results
in a wors t case maximum error of 3.9 degrees for a target at a 30—degree ele-
vation. Figure 2—8 shows the azimuthal error versus scan angle from broadside
for various target elevation angles. This 45—degree azimuth sector provides
planar array error characteristics which would be typical for the entire
360—degree scan region.

The error characteristics which have been generated represent a prelimi-
nary estimate for a four—faced planar array. Additional contributors to the
beam pointing error include antenna and receive r instrumentation accuracy,
clutter and multipath effects , and thermal noise limitations . The pointing
er ror  due to thermal no ise on a cons tan t amp litude target , for example , is
proportional to the beamwidth and is inversel y propor t ional to the square roo t
of the number of samples and to the signal—to—noise level. In the cross—over
reg ion be tween planar a r ray  face s, the beamwidth increases and the antenna
gain decreases approxi ma tel y propor tional l y to the cosine of the scan angle ,
which wou ld generally req uire an increased number of samples to maintain the
pointing accurac y capability.

Examination of the azimuth beam pointin g error for the baseline four—
faced planar array indicates that the error may he reduced in the overlap
region by reducing the column network spacing to provide increased azimuth
scan. If , for exam p le , each array face were designed for +60—degree azimuth
scan, then the maximum element spacing reduc i~s to 4.435 inches. This corre-
sponds to a 9.1 percen t incre ase in the number of col umn ne tworks for  a given
aperture width. A more detailed systems analysis is required to determine the
allowable antenna pointing accuracy.
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2.6 SOLID STATE TRANSMITTER TRADE—OFF

A number of RF configurations were evaluated in detail for a solid state
transmitter System . The major objective was to select a cost effective system
that would provide low power consumption and high reliability. The candidate
configurations consisted of locating the major power amplifiers at three dif—
ferent extreme locations in an antenna system with 59 column networks for each
planar array face. As indicated in figure 2—9 , these candida te positions
included the following :

• Solid State Big Bottle — The required transmit RF power is ob tained
from a big bo tt le solid s ta te amp l i f i e r  assembl y located at the input
to an azimuth and elevation RF distribution system.

• Intermediate Amplifier Modules — Separate amplifier modules located at
each output of an azimuth distribution network prior to SP4T sector
switches. (Qty — 59).

TO RECEIVER ~~
AMPL IF IER
MODULE

DISTRIBUTION ~~ 

PHASOR 

~~~~ ERMEOI~~~~~

1 130 OUTPUTS

________ 
PHASO~

TO E L E V A T I ON
STATE

N~ TWOFW OUTPU T S
1 I

~ 
BOTTL E

J

I I 1

INTLHME I)IA 1 E SP4T
A ~(P LIE UT H
MI )DL) LE

G i—... ARE ALTERNATE(~) LOCATIONS FOR ___________

POWER AMPLIFIERS

IS CIRCULATOR 1— ELEVATION I
OISTRIBUT[3 COLUMN I

-.4 AMPLI FIER L. RADIATOR I
1_ DULE 

~~ 

N E TWORK

Figure 2—9. RF System with Three Alternative Locations
for Power Amplifiers , Block Diagram
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• Distributed Amp lirier Modules — Separate amplifier modules located at
the inpu t to each column network. (Qty — 236).

The important conclusions from the trade—off investigations are :

• When the RF amplifiers are located closer to the radiating elements ,
the system becomes more efficient , since the amplifiers do not have to
overcome the RF distribution losses.

• Amp lification at the elements in a commutating planar array is
more cost ly ,  since it requires more transistors and modules.

• The optimum approach will ge ner al l y be a compromise between prime
power consumption and implementation cost.

• A typical configuration is described using intermediate module
amplif iers , located at each output of an azimuth network , fo r  the low
beam transmit signa l , and a medium power solid state bottle to provide
the transmi t signals for the upper bean and the drive signals for the
In termediate amplifiers module.

• The use of stand—by—amp l i f iers to rep lacc .i failed amplifier auto-
ma t ical l y is the most cost—effective means of achieving significant
improvement in reliability.

The trade—off study was porformed tur two different radiated , RF power
conditions ; 2.5 kilowatts peak at 107. duty cycle , and 5.0 kilowatts peak at 7%
duty cycle. Both power levels were at 100—microsecond pulsewidth. A com-
par ison was also performed using low noise receive amplification.

One of the most important considerations for the trade—off study ,  was the
selec tion o f the hig h power transistor to be used as the basic building block
for the power amp lifiers. Sperry has recentl y comp leted a program for the de-
sign, f ab r ica t ion , and test of an experimental 2.5—kilowatt solid state trans-
mi tt er for  una tt ended , L—band radar applications . This program was sponsored
by Rome U5,~ir Development Center under contract number F30602—F—C—0245. At the
outset of this program , Sperry conducted a thorough vendor search and evalua-
tion for the latest available L—band bipolar , power transistors. This includ-
ed dev ices from the top fou r suppliers , TRW , MSC , PHI , and CTC. All of the
devices are grounded base transistors operating in a class C mode. As a re—
suit of th is evaluation the TRW transistor was selected because of its sub-
stantial, improvement in efficiency. Subsequentl y ,  TRW modified the device to
Sperry specifications (improved gain) and supplied 80 devices for the 2.5—
kilowatt amplifier program. This transistor (MRA—296) is rated at 100 watts
output power at 100 microsecond pulse width and 10% duty cycle. For the 2.5—
kilowatt amplifier program , as well as the proposed RRAS solid state trans-
mitter system , the devices are derated a minimum of 15°!. to a maximum output
power of 85 watts peak. This will reduce the power dissipated in the device
and lower junction temperatures to conservative levels , thereby achieving high
rel iability operation. Reducing the transistor outpu t power requires the use
of more devices to obtain the required transmit levels. Consequentyly , the
dera t ing factor is a compromise between cost and reliability. The typical
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performance for the MRA—296 transistor is presented in figure 2—10. As ind i-
cated , the minimum performance over the 1215 to 1400 MHz frequency range is 85
watts output power, 7.5 dB gain , and 527. eff iclen’:y.

Wi th the MRA—296 transistor as the

~~~~ 90 basic bui ld ing block , a trade—off study
was performed for the three transmitter
configurations previously descr ibed .
The results of this i nvestigation are

~~~~ S0
a—  12U ~ 1 300 14O 1~ 

summ arized in comparison in table 2—4.
FREQUENCY MH~~ As the RI” amp l i f i e r s  are located close r

to the radiating elements , the trans-
mitter system becomes more efficient
and the prime power is reduced . How—

~: : ______________ ________________ 

a commutating p lanar a r ray  is more cost—
ever , amp l ification at the elements in

1215 1300 1400 ly since it required more transistors
FREQUENCY (M Hz) and modules. Consequentl y ,  the optimum

app roach w i l l  be a compromise between
prime powe r consumpt ion  and costs.

As a result of the above trade—off
>-

~~ 

— 

investigation , a typical solid stateI.)

~ so t ra nsmi t te r  conf igura t ion  might u t i l i z e
a combination of a medium power botth
(solid state transmitter) and interme—
diate transmit amplifier modules wi th a40 _______________________ ___________________________

12 15 1300 1400 total radiated power of 2.5 kilowatts.
FREOUENC~ ~~~~~ The solid s ta te  t r a n s m i t t e r  would pro-

vide the transmitter power for the up—
Figure 2—10. TRW MRA—296 Transistor per beam and the drive signals for the

Test Data

Table 2—4 . So l id State Transmi t te r Comparison Results

2.5—kilowat Transmit 5.0—kilowat Transmit
Power Power

Relative Prime Power Relative Prime Power
Configuration Cost System (watts/sys) Cost S_ys tem (wa tt s/sys)

SOLID STATE
BIG BOTTLE 1.0 860 1.7 1200

INTERMEDIATE
MODULE

• W—LNA 1.9 370 3.0 550

• W/O—LNA 1.6 600 2.5 740

DISTRIBUTED
MODULE

• W—LNA 4.0 250 — —

• W/O—LNA 3.6 430 — —
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transmi t amplifier modules. The final amplification for the low beam transmit
signal is provided by the transmit amplifier modules located in each output of
an azimuth distribution network.

The an tic ipa ted performance and parameters for the solid state transmit-
ter and transmit amplifier modules are as follows :

Solid State Transmit Amplifier
Transmi tter Modules (45)

Ou tput Power (wa tts, peak) 450 2330 (total)*
Gain (dB) 26.5 17
E f f i c iency 37% 42%
Vcc 28v/32v 28v

Prime Power (watts , avg) 120 560
(10% DC)

MTTR (rep lace spare module) 1/2 hr 1/2 hr

Size (inches) 12 x 8 x 6 60 x 12 x 6

Weight (ibs) 10 80

*I(icludes amplitude tapering effect.

A block diagram for a typical solid state transmitter is presented in
figure 2— 11. It consists of a dr iver module with two identical 3—stage ampli-
fier channels connected at their input and output by a SPDT diode switch. One
of the channels is a standby unit that is automatically switched into the cir-
cuit when there is a failure to the operating channel. The output from the
driver module is distributed equally to 6 of the 7 paralleled output stage
transistors , through a IP6T power divider/switch network . The 7th output
transistor amplifier is a standby unit that is automatically switched into the
c ircuit when there is a failure to any of the 6 operating amplifiers. The
output power from the 6 operating transistors is efficiently combined in an
identical 1P6T power combiner/switch network . These networks are stripline ,
cen ter fed , reac t ive , power dividers with shun t mounted diodes in each of the
7 output arms located a quarter wavelength from the center junction. The in-
put signal can be distributed equally to any 6 of the 7 ou tpu t wi th the proper
bias ing of the diodes. With 1—watt peak RF input power , the solid sta te
transmitter will provide 450 watts peak output power at a collector voltage of
31 volts. About 370 watts will be used for the upper beam and the remainder
(80 watts) to drive the 59 transmit amplifier modules for the low beam.

This concept of self—healing , using stand—by amplifiers that automatical-
ly replace failed uni ts, has been demons t ra ted by Sperry during the acceptance
tests of the 2.5—kilowatt solid state , L—band transmitter developed for RADC.
Reliability calculations for the RADC program indicated 2 orders of magnitude
improvemen t in reliabili ty with the use of one standby module. Consequently,
this technique of self—healing is a prac tical , cost—effective approach for ob—
tam ing significant improvement in reliability .
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Figure 2—11. Solid State Transmitter , Block Diagram

A performance monitoring and fault locating (PM/FL) panel will be used to
provide the sensing , logic , and switching circuits needed to monitor the tran-
sistor collector currents and automatically replace a failed amp l i f i e r  wi th a
standby unit.

A block diagram of the 59 transmit amplifier modules for the low beam
signal is presented in figure 2—12. Each ~~~ f 

the identical am plifier channels
contain three stages of amplification and a dupiexe r to separate the transmit
and receive signals. The duplexer consists of a circulator and a SPDT diode
switch arrangement. This configuration efficientl y separates tile transmit and
receive signals , and it also converts the circulator at the output of the mod—
ule to an isolator during the transmit mode. Thi - protects the output stage
from antenna load variations .

The maximum RF transmit output power from any one of the 59 amplifier
modules is about 110 watts peak with 1 watt RF input and a collector voltage
of 31 volts. This RF output power must he reduced from the maximum value for
a range of about 13 dB to provide the desired azimuth Illuminat ion tape r for
sidelobe control. This will be accomplished by reducing the collector supply
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_____ _____ 

voltages where necessary. A typical
350 — — amp lifier response for the output power

variation , as a function of a collector

300 — ____ ____ 
volt age , is presented in figure 2—13 .
The test data are for a two—stage amp—

1215MHz lifier module , using the MRA—296 tram—
250 — _j  

N ____ 
— sistors , developed for the 2.5—kilowatt

U,

1300MHz -
L—band amp lifier for RADC . As indicat—I-.

-, ed , there is a f air ly  linear 13 dB re
200 — _____ 

— duction of output power as the collec—

•%.._ 

,!
D MRA -2~ 6 

~~~~ 14O MHz tor voltage is reduced from 32 volts to
~9 

(OTY 5) f 12 volts. Since the proposed transmit

of amp lification , a smaller voltage re—

150 ampl if ier mod ules contain three stages

____ 
duction will be req uired for  the 13 dB

~~~ 100 -
P~~~~ I0W 

— output powe r reduction.
PW 100 US
DC 10%

_____ The concept of graceful degrada-50~~~~~~~~~~~~~~~~~~~-
tion can be applied for the 59 separate
transmit amplifier modules . When one

0 ________ of the transistors fail , the loss of
- 
14 18 22 26 30 34

that channel will not seriously affectCOLLECTOR VOLT AG E - ~~~~ (VOLTS ) the array performance. As a result , it
Is not necessary to use standby ampli—

I~’igure 2—13. 1~readboard Module fiers to achIeve the required reliabil—
Test Data ity .
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Section 3

DESIGN , FABRICATION , AND TESTING OF A DUAL BEAM COLUMN NETWORK

3.1 TASK SU~~’1ARY

This section describes the progress on the design and tabrication of a
stripline dual beam column network. The task is to build a stripline network
which will demonstrate both t h ~ feasibility of manufacturing a large stri p line
network and to demonst ra te  the  ach ievab le  e l ec t r i ca l  pe r fo rmance  of t h i s  net-
work.

3.2 NETWORK DESIGN AND FABRICATION

During the repor ting per iod, the electrical schematic for the network was
f ina l ized  and the development of all stripline componen ts requ ired to bui ld
the network was completed . A layou t of the ful l printed circu it stripline
networks was generated using a computer aided design (CAD) machine , and a re-
duced scale print of the completed layout as plotted by the machine i -s shown
in figure 3—i . The actual full scale printed circuit is 12 feet in length.
The information to plot the full network is stored in the CAD memory.

This information is also being translated into Commands to Control a
large and ex tremely accurate Gerber X—Y plotter carry ing a light pen. The
Gerber plo t te r  and light pen wi l l  expose large sheets  of photograp hic f i lm ,
au tomat ica l ly  genera t ing  f u l l  size photomask negatives of the stripline cir-
cuitry. The photomasks are used for contac t exposure of photo resist coating
in the etching process of the strIp line circuits. Prior to this program , ne~ —
atives for stripline c irc uits were gener all y cut by hand on Ruby lith with the
aid of a coordinograph. The circ uits were cut on an enlarged scale and photo—
reduced for accuracy. However , the unattended radar dual beam column network
is so large and complex that it required working out this computer aided tech-
nique for automatically plotting the negatives. The technique is being used
for a similar large microwave printed circuit which is presently being devel-
oped for another program , and which has progressed to the point of completim ~g
the Gerber plots for the photoniasks , etching the circuits , and satisfactoril y
testing the etched circuits for electrical performance . The “hugs” have been
worked out for this process indicating that the automatic plotting of the pho—
tomasks will be successful for the unattended radar co’umn network .

To lay out the network , a final sche ma tic , ti gure 3—2 , was generated.
This final schematic diffe rs o l y in two respects from the original proposed
schematic. First, all phase adjustments a~ e accompli shed through line lengths
rather than Schiffman coupled line flat, phase shifters and , second , the line
length phase adjustments were added to the outputs to provide a phase gradien t
across the array to squint the beam 3.65 degrees oft the normal.

The decision to use simple line length phase adjustments rather than the
more complicated Schiffman fla t response phase shifters was made as a result
of a compu ter evaluation of the performanc .~ of the ne twork con ta in ing only
line length phase adjusts. Figure 3—3 is a computer plot of the antenna per—
formance of the column network . The antenna patterns were calculated with
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both line length phase adjusts and perfect flat phase adjusts. The line
length phase adjusts are correct at center band , 1 .3 GHz , and deviate to a
worst case at band edge , 1.4 GHz , whereas the f l a t  phase ad justs would be cor-
rect across the band. Consequently, the patterns were calculated at the band
edge for a worst case comparison. As can be seen, there is very little di!—
ference between the use of flat phase shifters or the use of line lengths;
thus, the line lengths are used in the circuit. This greatly simplifies the
design of the c i r c u i t  s tnce f l a t  Sch i [fman  phase s h i f t e r s  would have been dif-
f icu lt  to develop and may have presented some coupling tolerance problems and
packaging problems.

The phase tilt is provided to tilt the peak of the lower pencil beam 3.65
degrees below the array normal. The array normal will be tilted 6 degrees
above the horizon, so that the lower beam peak will be 2.35 degrees above the
horizon to provide the proper coverage. The phase tiLt also eliminates the
grating lobe on the upper fan beam. This can be seen by comparing f i gures 3—3
and 3-4. The tilted fan beam is plotted in figure 3.4 with the grating lobe
shifted out of real space.

I-

-10 -

•20 •

GRATING LOBE
S ELIMINATED

-30 -

:~~~~~~~~~~~~

.55 1 8 L 1 1 1 I I L 8 1 I I £ I I I

IS -50 -70 .60 -50 -10 -30 -20 -IS 0 +10 ‘-20 .30 ‘-40 .50 +50 +70 +50 +50

SCAN ANGLE (DEGREES )

Figure 3—4. Phase Tilted Fan Beam
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Sect ion 4

STRIPLINE FABRICATION ‘rECHNIQUEs

4.1 TASK SUMMARY

The objectives of this task are to i nvestigate fabrication techniques for
the s trip line column ne twork wit h emphasis on electr ical performance , ease of
manufacturing , cos t, st ruc tu ral in tegri ty ,  and light weight.

4.2 STRIPLINE CONFIGURATIONS

Three basic conf igurat tons are hei rig considered and compared for use in
the final unattended radar production column networks. The configurations are
shown in cross section in figures 4—1 , 4—2 , and 4—3. The first configuration ,
fi gure 4—i , consists of the etched stri pline circuit sandwiched between low
dielectric constant sheets which are in turn sandwiched between 1/8—inch thick
aluminum ground planes. Ground plane spacing is maintained by 1/4—inch thick
by 5/8—inch diameter round net-al spacers distributed periodicall y throughout
the network . This configuration works well electricall y, and it is ideal for
hreadhoardioig since the stripline is not permanentl y captivated between the
ground plane , sod t he network can easil y be opened for changes. The dielec-
t r i c  can he spongy foam such is Emerson & Cummings PP or it can be rigid poly-
urethane since the 1/4—inch thick by 5/8— inch diameter metal spacers provide
the ground plane spacing . Loss measurements shown in figure 4—4 have been
made on samples bu i lt in this configuration. The disadvantages of this con—
figuration is its weight of 3.6 pounds per square foot (which results in a
weight of 130 pounds fdr a 3— by 12—foot column network ) and insufficient
structural rigidity of a 12—foot long panel. This configuration sags of its
own weight over a 12—foot span.

To reduce the weight and increase the structural rigidity of the panel ,
the configuration of fig ~ r~’ 4—2 was developed. here , the outer ground planes
are each in themselves a sandwich consisting of a thin 0.040—inch aluminum
sheet and an even thinner 0.010—inch aluminum sheet sandwiching a 1/2—inch
thick , 6 pound per cubic foot density sLructura l pol yurethane sheet. These
outer panels -ore assembled on a flat table using epoxy glue to cement the
layers. Although the outer panels are made of very thin aluminum , they are
extremely rigid due to the increased section modulus provided by the 1/2—inch
thick structural polyurethane. The outer panels replace the 1/8—inch thick
aluminum sheet of figure 4—1 , resulting i i  a lighter , stiffer configuration
wh ich still retains the advantage of being able to open and remove the inner
printed circuit for breadh oarding and changes since only the outer panels are
glued . This configuration will he us15d for the final deliverable prototype
unit of the unattended radar ~o1umn network .

This construction has also been used to build 30 networks , each of which
is 12 by 2.5 feet , for a simil a r program. This construction technique results
in an extremely rigid board wh i ch can he used as a structural support member
to support other components and the array face, as well as being self—support-
ing . tJsing this technique could eliminate the need for external structural
members . The weight of a 3 x 12—foot pane~ would  be 68 pounds when built in
this manner , which is one—half  the  we ight of the orig inal configura tion of
figure 4—1.
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Figure 4—1 . Stripline—configuration I
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Figure 4—2. Stripline—confjguratjon 2
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Figure 4—3. Stripline—Configuration 3

A third technique which is being
studied is shown in figure 4—3. This
technique would result in an extremely
light weight column Network , a 12— by
3—foot panel being only about 7 pounds.
The unit consists of a stripline

MATE RIAL LOSS ~~U1 3i5Go4l RU*~~ES sandwiched between dielectric layers of
pp F o A u (ISIFT2)  IW001 /IN 12209 PP SPONGY .CANNOT polyurethane or HEXCEL which are in

• (04 01/1 0 FYI 1FF •~ = 1074 USE FOR STRUCTURAL
KAP TONP C SUPPORT turn sandwiched between layers of
PC (S$/F12) 1*1100 EXPENSIVE
0 003THICK 

_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
0.006—inch thick aluminum sheet. The

PPF0ABI(I $/F12) 0001DB/IN 11349 EPOX YFIBE R PC BOARD layers are glued together using 4
* (0.03 01/1-S FYI (PP - 1 000 CHOA PER THA I

E POXY F I B E R KAPTON.BUT MORE LOSSY layers of Surlyn adhesive sheets which
PC (92 50/FT 2(
0005THIC* _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

are heat cured in a press in a large
TRvu ERson rT 2I TRYM K RR IG IO . LOW ER oven. A 12—foot experimental sectionLOSS THAN URETHANE

LIKE URET HANE CA NBE was built wi th this techn iq ue usingKAP ION PC
0003 THICK STRUCTURAL SUPPORT.

SUPE R IOHSTRUCTU RA LLY pol yurethane dielectric. The 12—foot
TO PLAIN URETHANE .

_ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
section contained 12—foot long , 50—ohm

TRYMER 00002DB/IN 10425 printed circuit lines on both 0.003—mi].
I0.I3501I1SFT ( OFF ~~~~~~~ Kapton and O.005—nijl epoxy—glassEPOXY FIBER PC

PC0100T HICK 
_ _ _ _ _ _ _ _  dielectric for electrical comparison.

IIE XC K L The 12—foo t board which was built usingPOLYURETHANE

this techn ique was measured for inser-
tion loss at L—band . It was found that
the loss was approximately 1 dB for

Figure 4—4. Loss Measurements either Kapton or epoxy/glass, but ex-
hibited resonances over the band of

ope rat ion in which the loss increased to 2 dB. Breadboards built  in the prev-
ious manner (shown in figures 4.1 and 4.2) did not exhibit these resonances.
It is believed that the resonances occur because of ripples in the ground
p lane which cause the ground plane spac ing to vary. Additional 12—foot
sections will be built using this technique with both polyure thane and HEXCEL
dielectric spacers. Attempts wilt be made to improve the flatness of these
uni ts by con tro l l ing  the flatness of the fixtures used to press the circuit
while it is being hea t cured , and by reducing the tempe rature at which the
Surlyn glue is cured .
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In addition to the lightweight property of the construction technique ,
the low cost possibility is very attractive. There are fewer parts to fabri-
cate and fewer assembly steps. However, special tools would be required for
this assembly procedure for a network of thIs size. InquLrtes have been made
of vendors that specialize in procedures similar to those required for the as—

= sembly. Information will be available from the vendors during the second half
of the program. Also, during the remaining portion of the program , this as-
sembly technique will be evaluated for electrica l parameters. The evaluation
will determine if ripples in the ground planes can be eliminated or minimized
f or a network of this length such that insertion loss resonances can be elim-
inated , as well as the thickness tolerance effect of Hexcel spacing.

Support structure will be required for handLing these network boards and
to attach dipole ground planes. When the networks are installed into the ar-
ray, additional structures will be required to take up the effects of wind
loads. This additional structure, pro—weighted to each network board , is es-
timated to be 30 pounds. The resultant 37—pound column network weight is thus
50 percent of foam supported ground plane approach of figure 4—2.
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Section 5

DEVELOPMENT OF STRIPLINE COMPONENTS

5.1 TASK SUMMARY

The object of this task was to develop the stripline components required
to make the dual beam column network which is described in section 3. The
components are 2— and 3—branc h directional couplers , crossovers , terminations ,
and the radiating dipole . The component development is complete, as is the
network layout incorporating these components (see figure 3—1).

5.2 BAS IC STRIPLINE

The dual channel column network is constructed in a symmetrical stripline
configuration which consists of transmission lines etched on 0.003—inch thick
Kapton sheets with 0.0014—inch thick copper cladding on one side. The ground
plane spacing is 0.250— inch , and is determined by sandwiching the circuit
between two 0.125—inch thick pol yurethane foam spacer sheets.  Thin aluminum
sheets form the outer ground planes.

The c~.wves of f i g u r e  5—1 were derived from in fo rma t ion  gathered in past
experience on programs which dealt with networks constructed in symmetric
stripline supported by materials other than air. These curves depict the
phase velocity (Vp)~ as a function of the strip width to ground plane
separation ratio (w/b), for Kapton surrounded by polyurethane foam and for
epoxy/f ibergiass material surrounded by HEXCEL HRH 10. Figures 5—2 and 5—3
show the characteristic impedance versus w/b for each construction technique .

100
a = 0.003” KAPTON

C : POLY IJRETHANE FOAM kr 1 .03)

~~~~~~~~~~~~~~~~~~~~~~~ 14

3
0 9 0  

~~~~~ O
5~..EPOXY/FIBE RGLASS 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _ _ _ _ _ _ _ _

0.00 1 0.01 0.1 1.0 10.0
w/b

Figure 5—1. Phase Velocity Versus w/b
(Referenced To Air)
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Figure 5—2. Z0 Versus w/b (Kapton)

5 3  COUPLER DEVELOPMENT

The series feed network requires a total of 43 different coupler designs
whose coupling values range from 3.41 dB (Ceax = 0.6755) to 12.03 dB (Cmin
0.2502). The coupler requirements were very influential In determining the

feed circuit stripline configuration.

Quarter—wave edge and broadside parallel—coupled structures were
considered for this application, but were rejected for the following reasons.
The edge—coupled configuration is useful for loose coupling , but is very
rarely used for couplers which are tighter than 6 to 8 d$; conversely, the
broadside structure is principally used for very tight coupling and is not
good for couplers looser than about 6 to 8 dB. Neither coupler is adequate to
cover the full range of coupling values required in this network.
Additionally , the broadside type requires a three—layer asymmetrical stripline
configuration which has inherent registration problems , especially for a
circuit of this size and complexity. It would result in a costly package.
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Figure 5—3. Z0 Vers us w/b (Epoxy/Fiberglass)

Ther efore , branch guide directiona l couplers were chosen because they can be
printed on one side of the stripline sheet and because they are capable of
covering the range of coupling values required . Two— and three—branch designs
are utilized .

Three—branch couplers are desired throughou t the network because of their
ex cellent  bandwI dth c h a r a c t e r i s t i c s .  However , there is a phys ical limita tion
presen t  which governs the use of this  type coup ler in s tr i p line. it is
imprac t i ca l  to p r i n t  and e tch  s t r i p l i n e  RF l ines which  are less than
0 .010—inch wide and expect a high probability of no defects in the f inished
product ;  t h e r efo r e , i t  was decided to l i m i t  the narrowest  l ine to 0 .013—inch.
The Loosest required th ree—branch  coupler than can be built using this
guideline has a coupling value of 6.73 dB. Therefore , coup lers ranging from
3.41 dB to 6.73 dB are three—branch , and those from 6.73 db to 12.03 dB are
two—branch. The narrowest Lines in this loosest two—branch coupler are
0.005—inch.  They will be inspected careful ly  and wi l l  be replaced wi th  wire
of the proper diameter if found defective . This was done successfully for a
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16 dB , two—branch coupler  desi gned fo r  an L—b and feed network which Sperry Is
now bui ld ing  and t e s t i ng .  As seen f r o m  the  r e s u l t s  of a computer ana l ysis ,
figure 5—4, both type coup lers  ar~ adequate f o r  this network , displaying very —

satisfactory VSWR, minimum isolation , and coup l in g  variation characteristics
over the band width of interest.

Because it would not be cost—effective to design , build , and test every
coupler of the large numbe r r equ i red , It  was dec ided  to follow the procedure
in which f ive  3—branch couplers , whose coup l ing  va l ues spanned the requl red
range , were selected to he b u i l t  and t e s t ed .  Based on those  t es t  r e s u l ts , ,i

set of curves was developed which f u l l y  describes each phys ical d im e n s i o n  of
any coup ler in the range . These curves are  shown in  figure 5—5. It was
determined f rom compu te r  an alysis tha t optimum results could he ;i c t i i e v ~’d b y
us ing  onl y two d i f f e re n t  impedances fo r  the  se r ies  branches  ( i . e . , 45 ohms for
coup ling c o e f f i c i e n t s  0.4 through 0.52 , and 40 ohms f o r  C 0.52) through
0.7). The center shunt arm Impedance is dependent on the series arm imped-
ance , thus the reason for two curves to find the width of the center arm. The
outer shunt arm impedance depends only on the coupling coefficient and
therefore only one curve is necessary . As an example of usage of figure 5—5 ,
if coupling coefficient 0.50, then A = 0.388, Ii = 11 .020, C 0.165 inch .

Numerous two—branch coup lers were b u ilt and tested for a previous L—hand
column network program at a center frequency sli ghtl y higher than that re-
quired for this network. Measurements over a bandwidth equal I t )  the unattt’rtd—
ed radar (15%) bandwidth verified the computer results shown in fi gure 5—4 .
It was therefore decided to scale the center frequency of these designs when
two—branch couplers were required .

THREE-BRANCH COUPLER

50i~ 5Oi �
z 1 z 1

Z2 73 22
zi z 1

SOU 5O~L

VSWF1 M IN I M UM COU PL I N G
CO UPL I N G  ~~~ IBAN OEDGES) ISOLATION V A R I A T I O N

3.41dB 4013 128 60 47 ,41Z 1.048 32.4dB 0.058 dB
6.73dB 45t1 204 .gu 87 .9~ 1. 012 38.5dB ‘0 . 45dB

TWO-BRA NCH COUPLER
500 500

z 2
500

VSWR MINIMUM COUPLING
COUPLING 2 1 )BAN DEDGES) ISOLATION VARIATION

6.73dB 44 .380 96.3511 1.08 22 .2dB ‘ 0.048dB

12.03dB 48.4u 192.70 1 , 027 28.4dB 0,046dB

Figure 5—4. Summary of Results of AIICAP Analysis of
Branchiine Couplers
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Table 5—i describes the data taken on the five 3—branc h selected
couplers. The measured c~ upiing was within 0.1 dB of theoretical, except for
the 6.96 dB coupler , which measured within 0.25 dli. Isolation , VSWR , and cou-
pling variation over the bandwidth were all within acceptable limits.

Table 5—1. Data on ~‘ive 3—Branch I)L rectiona l Couplers
and Comparison of Measured Results to Theoretical

Theoretical Measured Maximum VSWI( Minimum Isolation ~~ 1in~ Variation
Coupling Couplin& Theor. Meas.* Theor. Meas. Theor. Mcas.

3.41 dB 3.3 dB 1.05 1 .04 32.4 dB 24 dli +.05 dli +.u7 dli
4.61 dB 4.6 dli 1.03 1 .11 34.6 dli 28 dli +.047 dli +.05 dli
5.9 dB 5.8 dli 1.02 1 .09 36.8 dB 28 dli +.05 dli + .06 dli
6.96 dB 6.7 dB 1.01 1.12 38.6 dB 28 dB +.045 dB ±.IU dli
7.6 dli 7.5 dB 1.01 1.12 39.4 dB 26 dli f.045 dB +.025 dli

*Maximum VSWR including connectors and terminations .

At the point in time during the development program that these data had
been gathered , it was determined from a design layout ot the full network that
the packaging problems could be significantly lessened If the 3—branch coup-

lers could be made shorter in length.
This necessitated development of  ,i
folded 3—branch coup ler which required
bends in series arms of the coup l er._ _ _

The dimensions of the five straight
couplers described previousl y were

2.510 altered in the following manner:

1

iHE~~~~~~~~~~~~~~~~~
1

Widths of shunt arms remained the

______ 
same , wherea s the length of the shunt
arms wer e ma~Ie equal to the algebra ic

- average of the two different origina l
lengths to simp lify the design. The
length and width of the series arms

R
)

= .839 (TYP ~ P LA C E SI were modified to reflect the needed

A • ‘.U11 (TYP. 6 PL AC E S) higher impedance and the change l ’i
______ _______ _______ 

phase velocity through the bends.
Fi gure 5—6 shows a comparison of size
of the straight and folded three—
branch coup lers for the 3.3 dli cou—
pling value. I)ata taken on these
folded couplers very nearly matched
the data of the straight—arm coupler- 

j  
dc—sign. Coupling data were within 0.1
dli of previously measured data. VSWR

3.112 was as good or be tte r, isolation(N)
improved on the average , and coupling

Figure 5—6. Comparison of Size of variation remained the same (it
Straight and Folded T~ ree—Branch Improved to +0.05 dli for the 6.8 dB

Coup ler l)es) gn c o u p l e r ) .  E lgure  5—7 is typica l
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of the data obtained on the three—
branch strai ght and folded couplers.

The three coup lers used in the
central Interlace area of the network

~ N 33OC00 Pt55
I are straight three—branch couplers be—

~ N I -  . =-~~~
—- _— _ _-_ cause there is room there for this

S I
~ .~~t. ‘ 

configuration (see fi gure 3—1).

Because of the possible weight
advantage using IIEXCEL in cons truc tion

~~~~ 
..._ — c,~-® of a column netowrk , meas urements were

take n using HEXCEL HRH 10 as a spacer
for a 6.7 dB folded three—branch
coupler. The resultant data were no
different than that obtained using

3°
polyurethane foam spacers and were not

I’ dependent on the spacer cell alignment
(parallel or perpendicular to the RF

2 25 line). Therefore , although the firs t
‘. dual column network is being built us—

/
ing Eme rson and Cummings PPI

3° 
‘
N~ ,‘ dielect ric , it will be possible to
‘ 

,
I substitute any other dielectric such

I I  I )  1 3 14 I I as HEXCEL or TRYMER in the final con—
FRI0UINC~~I GH3t figuration so long as i t  has a low

dielectric constant (1.03). The
— STRAIGH T 

~~D ® network itself is designed with “real
FO tO ID I I 

~~~ time ” line lengths and therefore
should not be af fec ted by ‘small
changes In dielectric constant.

Figure 5—7. Typical Data Results
S t r a i g h t  and Folded Three—

Branch Coupler

5.4 TERMINATIONS

Term inations for all couple rs were designed , built , and tested. They
consist of a 51—ohm , 1/4—wa tt , carbon resis tor , soldered in series with the
50—ohm 1W line , terminated by an open—circuit length of 50—ohm line. This
o p e n — c i r c u i t  length of line (<X/4) matches out the inductive reactance of the
resistor. VSWR is less than 1.15:1 over the bandwidth.

5.5 CROSSOVERS

The ~‘rr;s 5I)ve rs inc l iu le d  I n  the layout  of f igure 3— 1 consis t  of pr inted
arrows w i t h  c ross i •d  0. 02 0— i n c h  d iameter  wi res  soldered between the t i ps of the
arrows . This design Is Inexpensive and lends itself well to any of the strip—
line constructi on techni ques as described in Section 4. The 0.020—inch wires
are Inductive .ind are matched by the arrows which are capaci tive , forming a
low pass filter. This design has a VSWR which rises to a high of 1.2 at the
upper end of tile operating hand (1.4 GHz). In addition , its isolation is
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limited to 25 to 30 dli. Studies have shown that the Isolation is tolerable in
the network design, while the VSWR may be tolerable since the crossovers are
spaced approximately 3/4 of a wavelength apart and are also padded by the
coupler between each crossover.

The breadboard will be built using the printed arrow crossover , but
should the electrical performance be Inadequate , arlotller crossove r desi gn will
be substituted. This is a crossed coaxial line design which has an excellent
match (< 1.05) and very h igh isolation C> 50 dli). flowever , the coax design is
more expensive and will only be used it tIi~ measured breadboard network
performance is inadequate.

5.6 PRINTED CIRCUIT DIPOLE

The dipole des ign used in the layout of figure 3—1 is a design developed
for the Sperry AN/TPS—59 and ALR antenna . The measured VSWR of a sing le
dipole over a ground plane was less than 1.1 at 1 .1 U)Iz rising to 1.45 at the
band edges. It is felt that this dipole will be adequate to demonstr ate the
performance of a single line source , and is Included in the layout.
Attempting to improve the VSWR at this time wouLd not. he advantageous since
the dipole match is highly dependent on the spacing ot the elements in an
array environment. Since only a line source will be built at this time , fine
tuning of the dipole VSWR wil not be possible. 



r~ -~ — - -~~~~~~~~~~ -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i~~~~~~~~~~i~~ ~~~~- - - -

MISSION
of

Rome Air Development Center
RAVC peana and ezee.wte~ &e6eaxdt, deve2op~ent, -teo-~t and
4 eLea.ted ai qws%J..t~Of l pkOgkam6 A.n 4upp ott o~ Conv,,and, Con.tkot
Conintuvica.t~ono and ln.tetUgence (C31) a~l.tv . t( .e4.  Techtu cal
and engA.nee)~Lng &uppo n.-t w~.th.Ln a ’Lea4 o~ .t&tni..e.aL eompetence
~~ p ’tovi4ed .to ESO P ltog.tam 0~~4ce~ ( P04 ) and o.tiwt ESP
eLe,nen.ts. The pki.ncipaL ~t&uvLcaL niL~saon a.4ea~ axecorm’nw,2c.aJ2oI16, ~2ec.t ’tomagnetLc gu2dance and eonttoZ, 4ut-
ueA..Uance o~ g’towtd and ae’to4 pace objec.t4, A.ivtetU gence dszta
coUect2on and handUng, ~n~o’cma*2on 4y 4tem technoLogy,
LOno4pke/tJ.c p ’topago4ion, 4o12d 4ta.te 4c.Lence4, nii.c.tocinue
p hy4~c4 and etectitonLc ‘teL~ab.W.ty, mai.nta.~nab W.t~j  and
compa t~bJ.Lthj.

.

PrIutsd b~Uai~.d $ .t.. Air F.,c.
Hs.s. c.. APR , Muss. O1731~

- - -- - . -- - .

~

.~


